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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the luminance 
of a liquid crystal display device by providing the device 
with pixel electrodes in such a manner that gate wiring 
and source wiring partly overlap on each other via 
interlayer insulating films and constituting the pixel 
electrodes of transparent regions and reflection regions. 
SOLUTION: The gate wiring 2 and the source wiring 3 
partly overlap on each other via the outer peripheral 
parts of the pixel electrodes 1 and the interlayer 
insulating films .19. The pixel electrodes 1 consist of the 
reflection regions 22 consisting of metallic films and the 
transmission regions 20 consisting of ITO. The reflection 
regions 22 are formed on the gate wiring 2, the source 
wiring 3, thin-film transistors(TFTs) 4 and auxiliary 
capacitor electrodes 8 and are so formed as to be 
enclosed with the transmission regions 22. The 
execution of the display with the light transmitted 
through the transmission regions 20 is made possible by 
using a back light when the ambient light is dark and the 

execution of the display by the light reflected by the reflection regions 22 is made possible 
when the ambient light is bright by using such liquid crystal display panel. The bright display 
device is obtd. by executing the display with both of the transmission regions 20 and the 
reflection regions 22. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by die use of this translation. 

1. This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] Two or more gate \yiring and two or 
more source wiring arranged so that it may 
intersect perpendicularly with this gate wiring, In 
the Uquid crystal display equipped with the 
active-matrix substrate equipped with the 
switching element prepared near the intersection 
of said gate wiring and said source wiring, and the 
pixel electrode connected to this switching 
element While said pixel electrode is prepared so 
that said gate wiring and said source wiring, and 
part may lap with the field surrounded by said 
gate wiring and said soiirce wiring through an 
interlayer insulation film Said pixel electrode is a 
liquid crystal display characterized by consisting 
of a transparency field and the reflective field 
formed on said gate wiring, said source wiring, or 
said switching element. 

[Claim 2] The hquid crystal display according to 
claim 1 characterized by preparing the auxiliary 
capacity electrode which forms auxiliary capacity 
through an insulator layer between said pixel 
electrodes, and preparing the reflective field of 
said pixel electrode on thiS' auxiliary capacity 
electrode. 

[Claim 3] The hquid crystal display according to 
claim 1 to 2 characterized by preparing the 
transparence electric conduction film in the 
bottom of the metal membrane prepared in the 
reflective field of said pixel electrode. 
[Claim 4] The hquid crystal display according to 
claim 1 to 3 characterized by preparing said 
interlayer insulation film in the bottom of the 
metal membrane prepared in the reflective field of 
said pixel electrode, and preparing irregularity in 
the front face of said interlayer insulation film. 
[Claim 5] The liquid crystal display according to 
claim 1 to 4 characterized by making it thicker 
than the thickness of the transparence electric 
conduction film in which the thickness of the 
metal membrane prepared in the reflective field of 
said pixel electrode was prepared to the 
transparency field of said pixel electrode. 
[Claim 6] The hquid crystal display according to 
claim 1 to 4 characterized by making thickness of 
the Hquid crystal of said reflective field smaller 
than the thickness of the liquid crystal layer of 
said transparency field. 
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[Claim 7] The hquid crystal display according to 
claim 1 to 5 characterized by setting thickness of 
the liquid crystal in the reflective field of said 
pixel electrode to one half of the thickness of the 
Hquid crystal in the transparency field of said 
pixel electrode. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to 
the Hquid crystal display equipped with the 
transparency viewing area and the reflective 
viewing area. 
[0002] 

[Description of the Prior Art) The liquid crystal 
display is widely used for the camcorder/movie 
equipped with OA equipment, such as a word 
processor and a personal computer, portable 
information devices, such as an electronic 
notebook, or a hquid crystal display monitor 
taking advantage of the description of being a low 
power, with the thin shape. 

[0003] Since a Hquid crystal panel does not emit 
Hght itself unlike CRT (Braun tube) or EL 
(electrolumine sconce) indicating e quipment, 
eqviipment equipped with fluorescence tubing 
called a back light is installed back, and the 
transparency mold Hquid crystal display which 
displays by changing transparency and cutoff of 
the Hght from a back light with a Hquid crystal 
panel is used. 

[0004] However, with a transparency mold Hquid 
crystal display, since a back Hght usually occupies 
50% or more of the total power consumption of a 
Hqxiid crystal display, power consumption wiU 
increase by preparing a back light. 
[0005] Therefore, in the portable information 
device with many opportunities to use outdoors 
and always carrying, a reflecting plate is installed 
instead of a back Hght, and the reflective mold 
liquid crystal display which displays by changing 
the transparency and cutoff of the reflected light 
of an ambient light by the reflecting plate with a 
Hquid crystal panel is also used. 
[0006] Development is briskly performed also for 
the phase transition mold guest host mode shown 
in the thing using a polarizing plate called TN 
(Twisted Nematic) mode and STN (super, twisted 
nematic) mode which are widely used for the 
display mode used with a reflective mold liqtdd 
crystal display with the current transparency 
mold, JP,4-75022,A which can realize a bright 
display since a polarizing plate is not used, and 
JP, 9- 133930, A in recent years. 
[0007] However, the reflective mold liqviid crystal 
display using the reflected light of an ambient 
light has the fault that visibihty faUs extremely, 
when a sxnrrounding Hght is dark. On the other 



hand, compared with the reflective mold liquid 
crystal display, display light looked dark and the 
transparency mold liquid crystal display had 
problems, such as increase of the power 
consumption of the hquid crystal display by the 
back light, in the ambient hght, when an ambient 
light was very bright conversely. 
[0008] Therefore, by the former, in order to cancel 
the above-mentioned trouble, as shown in 
JP,7-333598,A, the configuration which realizes 
the display of both a transparency mold display 
and a reflective mold display with one liquid 
crystal panel is shown by by using the 
transflective reflective film which penetrates a 
part of light and reflects a part of light. 
[0009] The liquid crystal display which used the 
transflective reflective film for drawing 8 is shown. 
The Liquid crystal display consists of a polarizing 
plate 30, the phase contrast plate 31, the 
transparence substrate 32, the black mask 33, a 
counter electrode 34, the orientation film 35, the 
Hquid crystal layer 36, MIM37, a pixel electrode 
38, the Hght source 39, and reflective film 40. 
[0010] While the pixel electrode 38 which is the 
transflective reflective film makes metal particles 
deposit thinly, forming it and making the Hght 
from the Hght source 39 penetrate from the pixel 
electrode 38, a transparency mold display function 
and a reflective mold display function are 
reaHzable by reflecting outdoor daylight, such as 
the natural light and indoor fllumination light, 
with the pixel electrode 38. _ 
[0011] 

[Problem(s) to be Solved by the Invention] 
However, in the display shown in drawing 8 , in 
order to penetrate light, light enters into the 
switching element of MIM37 grade through the 
pixel electrode 38, and the pixel electrode 38 
which is the transflective reflective film needs to 
shade with the black mask 33, in order for a 
switching characteristic to change. 
[0012] Moreover, between the counter electrodes 
which adjoin since the field with which the pixel 
electrode. 38 and a counterelectrode 34 lap with 
the configuration using MIM37 turns into a 
viewing area, since neither electric shielding of 
light nor the change of transparency can be 
performed, in order to prevent an optical omission, 
it is necessary to form the black mask 33, and 
since the field surrounded by the black mask 33 
txirns into a viewing area, it cannot increase a 
viewing area. 

[0013] It is made in order that this invention may 
solve the above-mentioned trouble, and it aims at 
offering the liquid crystal display which can use 
the field which was shading using the black mask 
in the conventional Hquid crystal display as a 
viewing area in the liquid crystal display which 
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realizes a transparency mold display and a 
reflective mold display with one substrate. 
[0014] 

[Means for Solving the Problem] Two or more 
source wiring arranged so that two or more gate 
wiring, this gate wiring, and this invention may 
cross at right angles, In the Hquid crystal display 
equipped with the active -matrix substrate 
equipped with the S|witching element prepared 
near the intersection of said gate wiring and said 
source wiring, and the pixel electrode connected to 
this switching element >A^ile said pixel electrode 
is prepared so that said gate wiring and said 
source wiring, and part may lap with the field 
surrounded by said gate wiring and said sotirce 
wiring through an insulator layer, said pixel 
electrode It is characterized by consisting of a 
transparency field and the reflective field formed 
on said gate wiring, said soiirce wiring, or said 
switching element. Thereby, since the field which 
was shading using the black mask in the liquid 
crystal display which realizes a transparency mold 
display and a reflective mold display with one 
substrate with the conventional Hquid crystal 
display is used as a reflective field of a pixel 
electrode, and the viewing area of the pixel 
electrode of a liquid crystal panel can be used 
effectively, the brightness of a liquid crystal 
display can be raised. 

[0015] Moreover, it is characterized [ which is 
characterized by preparing the auxiliary capacity 
electrode which forms auxiHary capacity through 
an insulator layer between said pixel electrodes 
and preparing the reflective field of said pixel 
electrode on this auxiHary capacity electrode ] by 
this invention. Thereby, the :field where back light 
light is shaded with an auxiliary capacity 
electrode can be used for a display as a reflective 
field of a pixel electrode. 

[0016] Moreover, this invention is characterized by 
preparing the transparence electric conduction 
film in the bottom of the metal membrane 
prepared in the reflective field of said pixel 
electrode. By this forming a metal membrane on 
the transparence electric conduction film with 
which irregularity exists in a front face, the 
reflective field of the pixel electrode with which 
irregularity was prepared in the front face is 
obtained, and the ambient light which is whenever 
[ various incident angle ] can be used as a display 
Hght. 

[0017] Moreover, this invention is characterized by 
preparing said interlayer insulation film in the 
bottom of the metal membrane prepared in the 
reflective field of said pixel electrode, and 
preparing irregularity in the front face of said 
interlayer insvilation fihn. By this, forming a metal 
membrane on the interlayer insulation film with 
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which irregularity was prepared in the front face, 
the reflective field of the pixel electrode with 
which irregularity exists in a front face is obtained, 
and the ambient light which is whenever [ various 
incident angle ] can be used as a display light. 
[0018] Moreover, this invention is characterized by 
making it thicker than the thickness of the 
transparence electric conduction film in which the 
thickness of the metal membrane prepared in the 
reflective field of said pixel electrode was prepared 
to the transparency field of said pixel electrode. 
Moreover, it is characterized by making thickness 
of the liquid crystal of said reflective field smaller 
than the thickness of the liquid crystal layer of 
said transparency field. The optical path length in 
the hquid crystal layer of the ambient light which 
goes and comes back to hquid crystal and passes 
in the reflective field of a pixel electrode, and the 
optical path length io. the liquid crystal layer of 
the light which penetrates hquid crystal in the 
transparency field of a pixel electrode can be 
brought close by this, and change of the property 
of the hght in the liquid crystal layer in the 
reflective field and transparency field of a pixel 
electrode can be arranged. 

[0019] Moreover, this invention is characterized by 
setting the eel gap of the liquid crystal of the 
reflective field of said pixel electrode to one half of 
the eel gaps of the liquid crystal of the 
transparency field of said pixel electrode. The 
optical path length in the Uqmd crystal layer of 
the ambient hght which goes and comes back to 
Hquid crystal and passes in the reflective field of a 
pixel electrode, and the optical path length in the 
liquid crystal layer of the light which penetrates 
liquid crystal in the transparency field of a pixel 
electrode can be brought close by this, and change 
of the property of the light in the liquid crystal 
layer in the reflective field and transparency field 
of a pixel electrode can be made in agreement. 
[0020] 

[Embodiment of the Invention] 
(Operation gestalt l) The sectional view of the a-b 
section of drawing 1 is shown for the top view of 
the pixel part of the active-matrix substrate in the 
liquid crystal display which is the operation 
gestalt 1 of this invention in drawing 1 at drawing 

2 . 

[0021] The pixel electrode 1 is formed in the 
active -matrix substrate in the shape of a matrix, 
and the gate wiring 2 for supplying a scan signal 
and the source wiring 3 for supplying a status 
signal are formed in it so that a rectangular 
difference may be mutually carried out through 
the perimeter of the pixel electrode 1. 
[0022] Some of gate wiring 2 and its source wiring 

3 have lapped through the periphery part and 
interlayer iasulation film 19 of the pixel electrode 



1. The gate wiring 2 and source wiring 3 are 
formed by the metal membrane. 

[0023] Moreover, the thin film transistor 4 (it is 
called Following TFT) as a switching element for 
supplying a status signal to the pixel electrode 1 is 
formed near the intersection of the gate wiring 2 
and source wiring 3. 

[0024] The gate wiring 2 is connected to this gate 
electrode 12 of TFT4, and drive control of TFT4 is 
carried out by the signal inputted into the gate 
electrode 12. Moreover, source wiring 3 is 
connected to the source electrode 15 of TFT4, and 
a data signal is inputted into the source electrode 
15. Furthermore, the connection electrode 5 is 
connected to the drain electrode 16 of TFT4, and it 
connects with the pixel electrode 1 electrically 
through a contact hole 6 further. 
[0025] The connection electrode 5 forms auxiliary 
capacity between the auxihary capacity electrodes 
8 through gate dielectric film 7. The auxiliary 
capacity electrode . 8 is . conaaected to the 
counterelectrode 10 which was formed by the 
metal membrane and formed in the opposite 
substrate 9 with wiring which is not illustrated. 
Moreover, the aiixihary capacity electrode 8 may 
be formed at the same process as the gate wiring 2. 
[0026] The pixel electrode 1 consists of a reflective 
field 22 which consists of a metal membrane, and 
a transparency field 20 which consists of ITO, and 
the reflective field 22 is formed on the gate wiring 

2, source wiring 3, TFT4, and the auxiliary 
capacity electrode 8, and the transparency field 20 
is formed so that it may be . surrounded by the 
reflective field 22. 

[0027] The active -matrix substrate of this 
operation gestalt r is constituted as mentioned 
above, and it is the following, and can make and 
maniifacture. 

[0028] First, on the transparence insulation 
substrates 11, such as glass, sequential membrane 
formation is carried out and the gate electrode 12, 
the gate wiring 2, the auxiliary capacity electrode 
8, gate dielectric film 7, the semi-conductor layer 
13, the channel protective layer 14, the source 
electrode 15, and the drain electrode 16 are 
formed. Next, laminating formation of the 
transparence electric conduction film 17 and 
metal membrane 18 which constitute source 
wiring 3 and the connection electrode 5 is carried 
out by the spatter, and patterning is carried out to 
a predetermined configuration. 
[0029] Since the transparence electric conduction 
film 17 connects electrically even if it is 
considering as the two -layer structiu-e of the 
transparence electric conduction film 17 and 
metal membrane 18 which consist of ITO and a 
' part of metal membrane 18 has deficits, such as 
an open circuit, source wiring 3 can lessen an open 
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circuit of source wiring 3. 

[0030] Furthermore, photosensitive acrylic resin is 
formed by 3-micrometer thickness by the spin 
applying method as an interlayer insulation film 
19 on it. To acrylic resin, it exposes according to a 
desired pattern and a development is carried out 
with an alkaline solution. Onl>^ the part exposed 
by this is etched with an alkaline solution, and 
forms the contact hole 6 which penetrates an 
interlayer insulation film 19. In formation of the 
contact hole 6 by this alkali development, the 
taper configuration of a contact hole 6 was also 
good. 

[0031] Thus, it is more advantageous than using 
photosensitive acrylic resin as an interlayer 
insulation film 19 that can form the thin fibn of 
the thickness of several micrometers easily since 
formation of a thin film can be formed by the spin 
applying method, and the spreading process of a 
photoresist becomes unnecessary at patterning of 
an interlayer insulation film 19 etc. in respect of 
productivity. . 
[0032] Moreover, it is colored and the rarefaction 
of the acrylic resin used in this example can be 
carried out by performing exposure processing to 
the whole surface after patterning. It is possible to 
perform the above-mentioned rarefaction 
processing also chemically, and it cannot be 
overemphasized that it may be used. 
[0033] Then, the transparence electric conduction 
film 21 used as the transparency field 20 of the 
pixel electrode 1 is formed by the spatter, and 
carries out patterning. ITO is used as an 
ingredient of the transparence electric conduction 
film 21. 

[0034] The transparence electric conduction- film 
21 which serves as the transparency field 20 of the 
pixel electrode 1 by this is electrically coimected 
with the connection electrode 5 through the 
contact hole 6 which pierces through an interlayer 
insulation film 19. 

[0035] Next, the metal membrane 23 used as the 
reflective field 22 of the pixel electrode 1 is formed 
on the transparence electric conduction film 21 so 
that it may lap with the gate wiring 2, source 
wiring 3, TFT4, and the auxihary capacity 
electrode 8, and the transparence electric 
conduction film 21 and a metal membrane 23 are 
connected electrically. It is estrsuaged on the gate 
wiring 2 and source wiring 3 like [ not coimecting 
electrically ] between the adjoining pixel 
electrodes 1. Although aluminxma is used as an 
ingredient of a metal membrane 23, what is 
necessary is just the fQm in which Ta etc. may be 
used for and a reflection factor has conductivity 
highly. 

[0036] Thus, the active -matrix substrate of this 
operation gestalt 1 can be manufactured. 



[0037] By making it dissolve into Uquid crystal by 
using as a solvent the dichroic coloring matter 24 
which is coloring matter with which 
absorptionoflight multipliers differ, and 
controlling the electric field between a 
counterelectrode 10 and the pixel electrode 1 for 
the orientation condition of the liquid crystal 
molecule 25 by the direction of orientation of a 
molecule to be show in drawing 2 , the direction of 
molecular orientation of dichroic coloring matter 
24 is change to coincidence, and it expresses as 
this operation gestalt 1 using change of the 
absorption-of-Hght multipher by the direction of 
orientation of dichroic coloring matter 24. 
[0038] By using the liquid crystal display panel of 
this operation gestalt 1, it can express as the light 
which expressed as the light which penetrated the 
transpareiacy field 20 using the back light when 
an ambient light was dark, and was reflected in 
the reflective field 22 when an ambient light was 
bright, and can displiay in both the transparency 
field 20 and the reflective field 22, and a bright 
display can be realized. 

[0039] Furthermore, in the liquid crystal display 
of this operation gestalt 1, the metal membrane 23 
which is the reflective field 22 of the pixel 
electrode 1 is formed on TFT4, the gate wiring 2, 
and the source electrode 3. Gate wiring which 
prevents the incidence of the light to TFT4 and the 
optical leakage in viewing areas, such as a domain 
and a disclination line, tends to generate. Since 
the field which did not need to prepare the 
light- shielding film for shading the pixel electrode 
on source wiring and an axixihary capacity 
electrode, and was not able to be used as a viewing 
axea by the light- shielding film which was the 
need conventionally can be used as a viewing area 
of a pixel electrode, The viewing area of a Uquid 
crystal panel can be used effectively. 
[0040] Moreover, when gate wiring and a source 
electrode were formed by the metal membrane, 
since it became a protection-from light field, with 
a transparency mold display, it was not able to use 
as a viewing area, but conventionally, with a 
transparency mold display, since the field used as 
a protection-fi:om-light field can be used for the 
liquid crystal display of this operation gestalt as a 
reflective field of a pixel electrode, it can obtain a 
bright display. 

[0041] Moreover, in the Uquid crystal display of 
the operation gestalt 1,. since the metal membrane 
23 is formed on the transparence electric 
conduction film 21, the metal membrane 23 by 
which irregularity was formed in the front face 
can be obtained with the irregularity which exists 
in the front face of the transparence electric 
conduction film 21. The front face of a metal 
inembrane 23 can use the ambient light which is 
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whenever [ incident angle / with more various 
forming irregularity ] rather than flat, and it can 
reaUze a brighter Uquid crystal display. 
[0042] Moreover, as other examples, as shown in 
the top view of drawing 3 or drawing 4 , the hquid 
crystal display which has the reflection factor to 
wish and permeability is obtained by changing the 
ratio of the area of the transparency field 20 in the 
pixel electrode 1, and the reflective field 22. 
[0043] Furthermore, the fall of the brightness of 
the transmitted hght in the transparency field 20 
can be suppressed by forming the connection 
electrode 5 in the reflective field 22, as shown in 
drawing 3 or drawing 4 . 

[0044] Moreover, in the operation gestalt 1, as 
shown in drawing 6 , the configuration of a metal 
membrane 23 and the transparence electric 
conduction film 21 of lapping and connecting 
electrically is siifficient as a part, although the 
ioaetal membrane 23 used as the reflective field 22 
of the pixel electrode 1 was formed on the 
transparence electric conduction film 21. 
[0045] (Operation gestalt 2) Other examples which 
form the irregularity of a metal membrane 23 are 
shown. 

[0046] Drawing' 5 is a top view showing the partial 
configuration of the interlayer insulation film 19 
of the operation gestalt 1, and a metal membrane 
23, and drawing 6 shows the c-d sectional view. 
[0047] Irregiilarity is formed in the front face of an 
interlayer insulation film 19 by etching etc., and 
the metal membrane 23 is formed on it. 
[0048] Even when forming a metal membrane 23 
on the interlayer insulation film 19 evenly formed 
by the spin applying method etc., by forming 
irregtdarity in the front face of an interlayer 
insulation film 19, the metal membrane 23 which 
prepared irregularity in the front face can be 
obtained. A brighter reflective mold liquid crystal 
display is reahzable by forming the metal 
membrane 23 of the pixel electrode 1 at a 
reflective mold liquid crystal display, on the 
interlayer insulation film 19 which formed 
irregularity by etching etc., as it is more possible 
to use the ambient light which is whenever 
[ incident angle / with more various irregularity 
existing ] rather than the front face of a metal 
membrane 23 is flat, and shown in drawing. 
[0049] The shape of toothing of the front face of a 
metal membrane 23 is not hmited to the circle 
configviration shown by drawing 5 and drawing 6 . 
Therefore, a polygon, an ellipse, etc. are sufficient 
and a polygon-like is [ the flat-surface 
configuration of the irregularity of the front face of 
the lower layer interlayer insulation film 19 may 
not have the shape of a hemicycle which also 
shows a cross* section configuration in drawing, 
or ] sufficient as it. 



[0050] (Operation gestalt 3) Next, the operation 
gestalt of the liquid crystal display which displays 
by the guest host method is explained. 
[0051] Drawing 7 is the cross- section configuration 
of a liquid crystal display, and the same 
configtu-ation as the operation gestalt 1 attaches 
the same sign here. 

[0052] To the guest host hquid crystal ZLI2327 
(Merck Co. make) which mixed the pigmentum 
nigrum in liquid crystal With the optical path 
length df of the transmitted hght of. a 
transparency field using back hght light when 
displaying by the guest host method which uses 
what mixed the optically active substance S-811 
(Merck Co. make) 0.5% When optical-path-length 
2dr(s) of the reflected hght of the reflective field in 
the case of using an ambient light differ 
remarkably, even if it impresses the same 
electrical potential difference as a liquid crystal 
layer, brightness differs from contrast remarkably 
by the case where the case where back hght light 
is used, and an ambient light are used. Therefore, 
it is necessary to form the relation between the 
gap df of the hquid crystal layer on the 
transparence electric conduction film 21 of a 
transparency field, and the gap dr of the liquid 
crystal layer on the metal membrane 23 of a 
reflective field so that df=2dr may be filled, and it 
is formed so that the thickness of a metal 
membrane 23 inay be changed and df=2dr may be 
filled with this operation gestalt 3. 
[0053] As shown in drawing 7 , when the same 
electrical potential difference as a liquid crystal 
layer is impressed by making in agreement 
optical-path-length 2dr of the reflected Hght of the 
reflective field in the case of using the optical path 
length df and the ambient hght of the transmitted 
light of ia transparency field in the case of using 
back light light, by the case where the case where 
back light light is used, £ind an ambient hght are 
used, it becomes possible to arrange . brightness 
and contrast and the liquid crystal display of a 
better display property is obtained. 
[0054] Here, even if it does not make in agreement 
optical-path-length 2dr of the reflected light of the 
reflective field in the case of using the optical path 
length df and the ambient hght of the transmitted 
light of a transparency field in the case of not 
necessarily using back hght light, brightness and 
contrast can be arranged to some extent by 
making it a near value. 

[0055] Moreover, even if it uses a drive which 
changes the applied voltage of liquid crystal by the 
case where the case where back hght hght is used, 
and an ambient light are used even if 
optical-path-length 2dr(s) of the reflected hght of 
the reflective field in the case of using the optical 
path length df and the ambient light of the 
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transmitted light of a transparency field in the 
case of using back light light differ remarkably, it 
becomes possible' to arrange contrast. 
[0056] The liquid crystal display with which the 
configurations of a reflector differ in drawing 9 is 
shown. Since this liquid crystal display is 
irregularity about a reflector, dr serves as the 
average of the optical path length of a reflective 
field. 

[0057] The Uquid crystal display with which 
electrode structures differ in drawing 10 is shown. 
AlfJiough the electrode with which this liquid 
crystal display impresses an electrical potential 
difference to a liquid crystal layer in a reflective 
field turns into a transparent electrode, the 
reflector is formed in the bottom of the 
transparent electrode of a reflective field through 
the transparent insulating layer. With insulating 
layers formed on the reflector, the thickness of the 
Uquid crystal layer of a reflective field and a 
transparency field changes. 

[0058] If dr<df, the optical path length in the 
liquid crystal layer of the light which passes liquid 
crystal in the transparency field of the optical 
path length in the liquid crystal layer of an 
ambient light and a pixel electrode through which 
goes and comes back to hquid crystal and it passes 
in the reflective field of a pixel electrode can' be 
brought close, and change of the property of the 
light in the liquid crystal layer in the reflective 
field and transparency field of a pixel electrode 
can be arranged. 

[0059] Although the liquid crystal display of a 
guest host mold is indicated as an operation 
gestalt, even if it is other display modes, when the 
properties of the display hght by the difference of 
the optical path length in a reflective field and a 
transparency field differ, change of the property of 
light can be arranged by bringing the optical path 
length in the liquid crystal layer of a reflective 
field, and the optical path length of a transparency 
field close. 

[0060] The mold liquid crystal display both for 
transparency reflective of 8.4 inches of vertical 
angles is produced, and the result of having 
performed characterization of 64 gradation 
displays with the transmitted light by the light 
from a back light and the reflected hght by 
outdoor daylight is shown in drawing 11 . 
[0061] Measurement of the transmitted hght by 
outdoor daylight is BM-5 of TOPCON, and 
measurement of the reflected light by outdoor 
daylight measured using LCD-5000 made from 
the Otsuka electron. 

[0062] At this time, by BM-5 of TOPCON, the back 
light was made into the light source, and using an 
integrating sphere as the outdoor daylight light 
source, the incorporation angle of light measured 



LCD-5000 of the Otsuka electron so that it might 
become perpendicular to the substrate side of a 
liquid crystal display. 

[0063] This liquid crystal display set the ratio of a 
transparency field and a reflective field to about 4 
to 6 to the pixel, and the transparency field was 
formed by ITO and it formed the reflective field 
with aluminum. Moreover, the eel thickness of a 
transparency field was set as about 5.5 
micrometers to the eel thickness of a reflective 
field being about 3 micrometers. This is for 
doubling the optical path length of the 
transmitted hght by the hght from a back light, 
and the optical path length of the reflected hght by 
outdoor daylight as much as possible. As a 
transparency field is shown in drawing 11 , also 
when the transmission and the reflection factor of 
64 gradation displays of the reflected hght by the 
transmitted hght by light and outdoor daylight 
from a back light are mostly in agreement and it 
displays on coincidence using both the transmitted 
light by the hght from, a back light, and the 
reflected light by outdoor dayhght, . sufficient 
display grace is acquired. In the transmitted hght 
according [ the contrast ratio at this time ] to the 
hght from a back Hght, about 25 was obtained in 
the reflected hght by about 200 outdoor dayhght. 
[0064] Moreover, the color reproduction nature of 
the mold liquid crystal display both for 
transparency reflective of 8.4 inches of vertical 
angles of this invention is shown for the color 
reproduction nature of the transparency mold 
liquid crystal display of 8.4 inches of the 
conventional vertical angles in drawing 12 at 
drawing 13 . The color reproduction range falls 
remarkably as the paneL illuminance of outdoor 
dayhght increases the conventional transparency 
mold hquid crystal display shown" in drawing 12 
with 800 (Ix) and 17000 (Ix). However, in drawing 
13 , even if the panel illiiminance of outdoor 
daylight increases the color reproduction of the 
mold liquid crystal display both for transparency 
reflective of this invention with 800 (Ix) and 17000 
(Ix), most falls of the color reproduction range are 
not generated. This is for contrast to fall by the 
reflected light from the black mask bus line of the 
for surface reflection in the hquid crystal display 
front face of outdoor daylight, and for protection 
from hght in the conventional transparency mold 
liquid crystal display etc. Here, since the mold 
hquid crystal display both for transparency 
reflective of this invention displays in a reflective 
field using outdoor dayhght, as for the contrast 
fall generated with the conventional transparency 
mold liquid crystal display, outdoor daylight does 
not become below a contrast ratio ia a reflective 
field, even if only anything becomes strong. 
Therefore, even if, as for the mold hquid crystal 
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display . both for transparency reflective of this 
invention, the panel illuminance of outdoor 
daylight increased only anything, since the fall of 
the color reproduction range was hardly generated, 
the liquid crystal display with high visibility was 
obtained under what kind of environment. 
[0065] Especially if the liquid crystal display 
equipped with the transparency field and the 
reflective field like this operation gestalt is carried 
in the goods of changing the sense of a screen for 
the sake of a user's convenience, or working, 
moving to the place of a legible environment, it is 
effective. 

[0066] When the liquid crystal display panel of 
this operation gestalt was adopted as a view finder 
(monitoring screen) of the digital camera of a 
dc battery drive method, or a video camera, no 
matter the ambient light might be what 
brightness, it was able to maintain at the 
brightness which also lessens power consumption 
and is always easy to observe by adjusting the 
brightness of a back light. 

[0067] When it is used on the outdoors under fine 
weather, even if it makes the brightness of a back 
light high, it grows dim and is hard coming to see 
it in the conventional transparency mold. By 
erasing a back light, making low the brightness of 
the back light as a reflective mold display, and 
using a reflective mold display together, when 
such, if a screen is observed, image quality is also 
good and power consumption can also be lessened. 
[0068] When it is used in the interior of-a room 
which bright sunhght inserts, according to the 
direction of a photographic subject, a reflective 
mold display and a transparency mold display can 
be changed; or it can use together and can 
consider as a legible display. -What is necessary is 
just to make it be the sanie as that of the case 
where it is used on the outdoors under fine 
weather, when sunlight hits a monitoring screen. 
What is necessary is to turn on a back light and 
just to use a transparency mold together, when 
photoing a photographic subject since finishing 
[ the Usu grade of the room ]. 

[0069] Also when the liquid crystal display panel 
of this operation gestalt is adopted as monitoring 
screens for mount, such as car navigation, no 
matter an ambient light may be what brightness, 
the display which is always easy to observe is 
attained. 

[0070] The back light of brightness liigher than 
the back light with which the car navigation 
which used the conventional transparency mold 
liquid crystal display is used for a personal 
computer etc. is used. The reason is because when 
sunlight hits, the bottom of fine weather, and. 
However, it grows dim and has still been hard 
coming to see it. On the other hand. Nighttime 



and when running in a tunnel suddenly, by the 
brightness of a back light as it is, it was too bright 
and the eye was ****(ing) a flicker and a bad 
influence. Then, when the liquid crystal display 
panel of this invention is used, since a reflective 
mold display can be used together, even if it does 
not set up the brightness of a back light highly, a 
good display is always realized under a bright 
environment. Moreover, a legible display is 
realized also under a pitch black environment 
only by switching on the light by some brightness 
(about 50 to 100 cd/m2), 
[0071] 

[Effect of the Invention] Since the field which was 
shading using the black mask with the 
conventional liquid crystal display can be used as 
a reflective field of a pixel electrode in the Uquid 
crystal display which realizes a transparency mold 
display and a reflective mold display with one 
substrate as mentioned above according to this 
invention, and the viewing area of, the pixel 
electrode of a liquid crystal panel can be used 
effectively, the brightness of a hquid crystal 
display can be raised. 

[0072] Moreover, this invention can use for a 
display the field in which an auxiliary capacity 
electrode is formed as a reflective field of a pixel 
electrode by preparing the auxiliary capacity 
electrode which forms auxiliary capacity through 
an insulator layer between said pixel electrodes, 
and preparing the reflective field of said pixel 
electrode on this auxiliary capacity electrode. 
[0073] Moreover, by preparing the transparence 
electric conduction film in the bottom of the metal 
membrane prepared in the reflective field of said 
pixel electrode, by forming a metal membrane on 
the transparence electric conduction film which 
has irregularity, the reflective field of the pixel 
electrode with which irregularity exists in a front 
face is obtained, and this invention can use the 
ambient light which is whenever [ various incident 
angle ] as a display light. 

[0074] Moreover, by forming a metal membrane on 
the inter layer insxilation film which prepared 
irregularity in the fi-ont face, the reflective field of 
the pixel electrode with which irregularity exists 
in a front face is obtained, and this invention can 
use the ambient light which is whenever [ various 
incident angle ] as a display light. 
[0075] This invention moreover, by malting it 
thicker than the thickness of the transparence 
electric conduction film in which the thickness of 
the metal membrane prepared in the reflective 
field of said pixel electrode was prepared to the 
transparency field of said pixel electrode The 
optical path length in the hquid crystal layer of 
the ambient light which goes and comes back to 
liquid crystal and passes in the reflective field of a 
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pixel electxode, and the optical path length in the 
liquid crystal layer of the light which penetrates 
liquid crystal in the transparency field of a pixel 
electrode can be brought close, and change of the 
property of the light in the liquid crystal layer in 
the reflective field and transparency field of a 
pixel electrode can be arranged. 
[0076] Moreover, by making thickness of the liqxiid 
crystal of said reflective field smaller than the 
thickness of the liquid crystal layer of said 
transparency field The optical path length in the 
liquid crystal layer of the ambient light which goes 
and comes back to liquid crystal and passes in the 
reflective field of a pixel electrode, and the optical 
path length in the liquid crystal layer of the light 
which penetrates liquid crystal in the 
transparency field of a pixel electrode can be 
brought close, and change of the property of the 
light in the liquid crystal layer in the reflective 
field and transparency field of a pixel electrode 
can be arranged. 

[0077] This invention moreover, by setting the eel 
gap of the hquid crystal of the reflective field of 
said pixel electrode to one half of the eel gaps of 
the liquid crystal of the transparency field of said 
pixel electrode The optical path length in the 
liquid crystal layer of the ambient light which goes 
and comes back to liquid crystal and passes in the 
reflective field of a pixel electrode, and the optical 
path length in the liquid crystal layer of the light 
which penetrates liquid crystal in the 
transparency field of a pixel electrode can be 
brought close, and change of the property of the 
light in the liquid crystal layer in the reflective 
field and transparency field of a pixel electrode 
can be made in* agreement." ^ ■ 

[Brief De scrip tion of the Drawings] 
[Drawing l] It is the top view showing the 
active-matrix substrate of the operation gestalt 1 
of this invention. 

[Drawing 2l It is the sectional view showing the 
cross-section configuration of the a-b section of 
drawing 1 . 

[Drawing 3l It is the top view showing other 

examples of the active-matrix substrate of ,the 

operation gestalt 1 of this invention. 

[Drawing 4] It is the top view showing other 

examples of the active-matrix substrate of the 

operation gestalt 1 of this invention. 

[Drawing 5l It is the top view showing the partial 

configuration of the interlayer insulation film 19 

of the operation gestalt 2 of this invention, and a 

metal membrane 23. 

[Drawing 6l It is the sectional view showing the 
partial configiaration of the interlayer insulation 
film 19 of the operation gestalt 2 of this invention, 
and a metal membrane 23. 



[Drawing 71 It is the sectional view showing the 
liquid crystal display of the operation gestalt 3 of 
this invention. 

[Drawing 8l It is the sectional view showing the 
conventional Hquid crystal display. 
[Drawing 9l It is the sectional view showing other 
liquid crystal displays of this invention. 
[Drawing lOl It is the sectional view showing 
other liqmd crystal displays of this invention. 
[Drawing ll1 It is drawing showing the 
characterization of the transmitted light of this 
invention, and the reflected light. 
[Drawing 12l It is drawing showing the color 
reproduction nature of the conventional Hquid 
crystal display. 

[Drawing 13l It is drawing showing the color 
reproduction nature of the liquid crystal display of 
this invention. 
[Description of Notations] 

1 Pixel Electrode 

2 Gate Wiring 

3 Source \^^ing 

4 TFT 

5 Connection Electrode 

6 Contact Hole 

7 Gate Dielectric Film 

8 AuxiHary Capacity Electrode 

9 Opposite Substrate 

10 Counterelectrode 

11 Transparence Insulation Substrate 

12 Gate Electrode 

13 Semi-conductor Layer 

14 Channel Protective Layer 

15 Source Electrode 

16 Drain Electrode 

17 Transparence Electric Conduction Film 

18 Metal Membrane 

19 Interlayer Insulation Film 

20 Transparency Field 

21 Transparence Electric Conduction Film (Pixel 
Electrode) 

22 Reflective Field 

23 Metal Membrane (Pixel Electrode) 

24 Dichroic Coloring Matter 

25 Liquid Crystal Molecule 
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50 *^3 /im-Cfe5©(-MUT. 3gj§IM^co-fe/V'ii:tt^<)5. 
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t J: •5Ktt^l-*5(' 2 5 bHfc„ 
[0 0 6 4] *fc, Ell 2titi§J|5©jlfd-:S8. 4-l'>'f^05 

)t©/-?;|i/Vfiga;as 8 0 O (Ix), 1 7 0 0 0 ( 1 x) 

m7P^W:<D■&,WW.^^i^^<r>y<^/l-mmi)^ 8 0 0 (1 

x) . 1 7000 ( 1 x) tlS^PUXtfeSa^H^ii; 

[0 0 6 5] *^»^ffi<^<J: 5 {:i;gaafg*K tRSt^«Sr 

1 ^ 5 :i t -C # !fe V ^ J: 5 JtciSifi. ir Jt«i-ix«r«|#»;:^« 
[006 61 *lli£?i^^<OtKS*^^<^/i^i£:^<s/x.y le 

[00 6 7] St 3cT©M^-C^ffl Lfc^&^. i*5l5®Sii 
[0 0 6 81 ?^5i^e^UjiS^L3itf^rtt?ffifflLfc^ 
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[00 6 9] 2^|IJ&?i^«§0DfKS«^/^^/WSr*— ^- f'J^ 
[00 7 0] t**©igjiS^S«^3gaSr«ffl L,:fc;&- 

(*?J5 0-1 0 0 c d/m2) -C,^;tr-r^fd»tT. 
[00 7 1] 

[0 0 7 2] *?§p^(4. mwrn^^^iKomz.^ 

[0 0 7 3] *|gMf4. Huf5PI^mi^(^S*fti« 

[0 0 7 4] ^fc. mM\Z.mih^W\-^tz.mf^ 

[00 7 5] s fc. mwmm^m(r)WM^'^ 

50 gS;»tbJxy!i@BjgS®Jii(DlKJ?J:!?/|[<i-5ri:Jrj;i3, 
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[0 0 7 6] -ktc. m^&R^mm<Dmm<Dm^^mmm 
mmi$,(om^m<Dm^x<oyh^<'iri>:itiici:io^ mm 

[0 0 7 7] *fc. mw.mmm,m(DRmmi$i. 
st?©)tssftts mmmM(om^mm^-is\^^xm^m-^^ 

1011 :^^m<omW^Ml<DTi^'r^-f-^V})i^:^& 
[1^2] Hl«^)a-b«p©»rB«^Sr^-t-»fffillI-Cfc 

So 

[03] ^^PJOmSJi^^KDZ^T^-f h y 

[ 0 4 ] ©IIJS?^^ 1 <o T iS' 7^ >f h y ;^ S 

^roftb.rc>0!l$r^5-r¥ffi0^fe5<i - ■• 
[ 0 5 ] ;4:|g eg o||JS?^|g 2 CDS f^tmm 1 9 ^Jllgl so 

[ 0 6 ] *^ 0j cDnife ji^ffi 2 mmmm 1 9 1 ^jsbi 

2 3©gE5)-1«^tr*-t-»fffi0-Cfe5„ 

[0 7]. ^^m(ommMm a <^)JKa*^i$ssr.T^-rirE 

0T?fe5. 

[08] %^<Dm^^^mu^7P.-rmmmxh^, 
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[09] 3|s:^W©{fi(^JRS*^^BiSr,T%i-»rS0t?fc 
[010] ;*:^K©{tferoJK^S^^«=Sr^-t-»rffi0T*> 
[01 1] *5|BJcoiSii5ti:Ktt3tO<|#ttfFflBSr^i-0 

[012] tJe*©jKs«,T^ig«(ofewmttS:*i-0-efe 

So 

[013] *«M©IKS«^pe©feWm'l4^^i-0-^ 

1 n^%@ 

2 y- hBei» 

3 y-:^ia«g 

4 TFT 

. 5 

6 ^^'■^ ^ 

7 V-hiffe#M 

8 Mib^ftm^ 

9 5Pt|fi]»« 

1 0 i^^mm 
1 1 

1 2 -ir- 

1 3 ^^<m 

14 ^^^)^'mm 

1 5 y— 

1 6 KW^-miS 

1 7 Sl^^flSM 

1 8 . ^JSJ^-.; - 

1 9 mmmmm 

20 m^^^. 

2 1 S^^mM 

2 2 

2 3 ^JSIK 

2 4 2fettfei!l 

2 5 ■ WL^9t=i- 



[02] 
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